The present study evaluated the dose response of Buttiauxella phytase on apparent total tract digestibility (ATTD) of DM, Ca, and P in weaned pigs at 2 locations. Experimental diets fed to weaned pigs were a positive control (PC), a negative control (NC), and NC supplemented with increasing levels of Buttiauxella phytase. In Trial A, ATTD of P was 57.2% for PC, 32.5% for NC, and 59.4, 62.0, 63.8, 66.0, and 67.3% for 250, 500, 750, 1000, and 2000 phytase units (FTU) added to NC, respectively. In Trial B, ATTD of P was 45.2% for PC, 28.4% for NC, and 58.7, 64.1, 67.9, and 70.9% for 250, 500, 1000, and 2000 FTU added to NC, respectively. In both studies, the reduction in P in the NC diets reduced (P < 0.01) ATTD of P when compared with the PC diets. Phytase supplementation linearly and quadratically increased (P < 0.01) ATTD of P at all inclusion levels to the NC diet. In conclusion, the average digestible P increase from Buttiauxella phytase (vs. the NC diet) was 1.3, 1.5, 1.6, and 1.7 g digestible P/kg feed for 250, 500, 1000, and 2000 FTU/ kg, respectively.
INTRODUCTION
When fed to pigs, phytase increases the availability of phytate-bound P in plant feedstuffs reducing the need for added dietary inorganic P. Therefore, the total P content in the diet can be reduced, which reduces feed cost and P excretion (Almeida and Stein, 2010; Poulsen et al., 2010; Kebreab et al., 2011) . A new microbial phytase (Buttiauxella spp. phytase expressed in Trichoderma reesei; Danisco Animal Nutrition) was developed and effi cacy data in weaned pigs is required. The objective was to study effects of increasing levels of added Buttiauxella phytase supplementation on apparent total tract digestibility (ATTD) of DM, Ca, and P. Two trials with similar experimental design but different diet composition were conducted.
MATERIALS AND METHODS
The animal studies were approved by the Animal Care Committees of the University of Manitoba and Schothorst Feed Research. Trial A was conducted at Schothorst Feed Research (Lelystad, The Netherlands) using Tempo hybrid × Topigs pigs (Topigs, Helvoirt, The Netherlands). Trial B was conducted at the University of Manitoba (Winnipeg, Canada) using Yorkshire × Hampshire × Duroc pigs. Diets were pelleted in Trial A (phytase was sprayed in liquid form onto pellets) and mash in Trial B (Table 1) . Individually housed, weaned pigs of mixed gender weighing 8 kg (for Trial A) and 12 kg (for Trial B) were fed a commercial prestarter diet without enzymes for 12 d in Trial A and 4 d in Trial B prior to starting feeding of experimental diets. The experimental feed was fed for 12 d in Trial A and 14 d in Trial B. Pigs were fed 1 of the following diets: a positive control (PC) diet, a negative control (NC) diet with reduced P and Ca, or the NC diet + 250, 500, 750, 1000, and 2000 phytase units (FTU) phytase/kg feed (for Trial A) or NC diet + 250, 500, 1000, and 2000 FTU phytase/kg feed (for Trial B). Per treatment, 10 replicate pens were used for Trial A and 8 replicate pens for Trial B with 1 pig per pen in both trials. In Trial A, pigs were fed increasing amounts of feed from about 500 g feed/d
at day 12, according to expected growth rate, to about based on BW on day 19. In Trial B, pigs had free access to feed. Feces and urine were collected for the last 5 d in both trials, pooled on a pen basis, and stored at -20°C. Diets and freeze-dried feces and urine were analyzed for marker, DM, Ca, and P. The ATTD was determined using the markers AIA for Trial A and TiO 2 for Trial B. Data were analyzed by ANOVA at a P < 0.05 and linear and quadratic tests as a randomized complete block design with pens as the experimental units using JMP version 9 (SAS Institute, Cary, NC).
RESULTS
Analysis of phytase activity in diets revealed that intrinsic phytase activity was not found in the NC diet for Trial A but intrinsic phytase activity was 300 FTU/ kg in the NC diet for Trial B. Recovery of added phytase activity compared with expected levels was between 127 and 134% in Trial A and between 134 and 169% in Trial B after correction for intrinsic phytase activity.
In Trial A, ADG for days 0 to 24 was 267 g for PC, 305 g for NC, and 296, 293, 303, 316, and 306 g for 250, 500, 750, 1000, and 2000 FTU, respectively. In Trial B, ADG for days 0 to 18 was 340 g for PC, 366 g for NC, and 364, 399, 374, and 405 g for 250, 500, 1000, and 2000 FTU, respectively. Performance did not differ (P > 4 Monocalcium phosphate (MCP) was added to the diets in Trial A and dicalcium phosphate (DCP) was added to the diets in Trial B. 5 V = vitamin; M = mineral. V + M, NaCl, and limestone were 4, 3.9, and 9.3 g/kg, respectively, for Trial A, and V + M and limestone were 10 and 8.3 g/kg, respectively, for Trial B (NaCl not added). Vitamin and mineral premix met requirements except for P and Ca in NC diets.
6 AA = HCl Lys, DL-Met, L-Thr, and L-Trp (added to Trial A only). Table 2 . The apparent total tract digestibility (ATTD; %) of DM, Ca, and P and digestible P (% ATTD of P × g diet analyzed P) (Dig P; g/kg feed) over a dose range of Within a row, means without a common superscript differ (P < 0.05). 1 PC = positive control. 2 NC = negative control. 3 Linear (Lin) and quadratic (Qua) tests included NC diets. 0.10) among treatments in both trials.
In Trial A, weaned pigs fed the NC diet had lower (P < 0.01; Table 2 ) ATTD of Ca and P than those fed the PC diet. All inclusion levels of Buttiauxella phytase increased (P < 0.01) ATTD of Ca and P linearly and quadratically compared with the NC diet. In Trial B, NC diet had a lower (P < 0.05; Table 3 ) ATTD of DM and P than the PC diet. Phytase addition increased (P < 0.05) ATTD of DM linearly and ATTD of P linearly and quadratically (P < 0.01).
DISCUSSION
In Trial B, analyzed Ca:P ratios were greater than calculated (Table 1) . A higher Ca:P ratio can reduce phytase response (Liu et al., 1998) , meaning that the response of Buttiauxella phytase is unlikely to have been overvalued in this trial.
Previous studies in weaned pigs (Kies et al., 2006 ) and grower pigs indicate that inclusion of several phytases increased digestible P per kilogram feed (vs. the NC diet) of 0.5, 0.7, and 0.9 g digestible P/kg for 250, 500, and 750 FTU/kg, respectively. The average digestible P increase from Buttiauxella phytase (Tables 2 and 3 ) was greater than that observed in those studies, reaching values of 1.3 and 1.5 g digestible P/kg feed for 250 and 500 FTU/kg, respectively. In addition, Table 3 . The apparent total tract digestibility (ATTD; %) of DM, Ca, and P and digestible P (% ATTD of P × g diet analyzed P; DigP; g/kg feed) over a dose range of Buttiauxella phytase [phytase units (FTU) Within a row, means without a common superscript differ (P < 0.05). 1 PC = positive control. 2 NC = negative control. 3 Linear (Lin) and quadratic (Qua) tests included NC diets.
